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Dose-response inhibition of Strain 49145 biofilm formation by

DNase
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Figure 2

DNase Inhibits Strain ARG3 Biofilm Formation
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Figure 3

Dose-response Breakdown of Established Strain 49145 Biofilm by
DNase
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Figure 4
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Figure 5

Heat-Inactivation of DNase Eliminates This Effect
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Figure 6

Additive inhibition of Strain 49145 biofilm formation by a
combination treatment with metronidazole and DNase
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Figure 7

Synergistic inhibition of Strain ARG3 biofilm formation by metronidazole and

DNase
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Figure 9
Synergistic breakdown of Strain 49145 biofilm by metronidazole and DNase
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Figure 10

Synergistic breakdown of Strain ARG3 biofilm by metronidazole and DNase
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Figure 12

Inhibition of Strain ARG3 biofilm formation by clindamycin and DNase
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DNase Liberates Bacteria Into the Supernatant From Established

Figure 13

ATCC G. Vaginalis Strain 49145 Biofilm
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Figure 14

DNase Liberates Bacteria Into the Supernatant From Forming
ATCC G. Vaginalis Strain 49145 Biofilms
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Figure 15

Supernatant Bacteria More Readily Killed By Metronidazole
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DNase Decreases Mouse Colonization Rate By Strain ARG37
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Figure 17

DNase-sensitive Group B Streptococcus biofilms demonstrated by

spectrophotometry
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TREATMENT AND PREVENTION OF
BACTERIAL VAGINOSIS AND
GARDNERELILA VAGINALIS INFECTIONS

STATEMENT OF GOVERNMENTAL INTEREST

This invention was made with Government support under
Grant A1092743 awarded by the National Institutes of Health.
The Government has certain rights in the invention.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This applicationis a371 application of International Patent
Application Serial No. PCTUS12/23185 entitled “Treatment
and Prevention of Bacterial Vaginosis and Gardnerella Vagi-
nalis Infections,” filed on Jan. 30, 2012, and claims the benefit
of U.S. Provisional Patent Application Ser. No. 61/438,231
entitled “Treatment and Prevention of Bacterial Vaginosis
and Gardnerella Vaginalis Infections,” filed on Jan. 31, 2011,
the specifications both of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the discovery that bacterial
vaginosis (BV) can be treated by administering DNase alone
or together with antibiotics that are known to treat BV.

2. Description of the Related Art

BV is the most common vaginal infection worldwide and is
associated with significant adverse consequences including
and preterm labor and delivery (40, 41), post-partum
endometritis, (42) and an increased risk of HIV acquisition.
(43-45). Reported prevalence rates range from 10-40%
depending upon the population studied. (46). However, sub-
optimal methods of diagnosis and a high percentage of
asymptomatic patients make the true prevalence of BV diffi-
cult to ascertain. Gardnerella vaginalis (G. vaginalis), is a
bacterial species associated with BV.

The pathogenesis of BV remains poorly understood. It is
most commonly defined as a pathological state characterized
by the loss of normal vaginal flora, particularly species of
H,0,-producing species of Lactobacillus, and overgrowth of
other microbes including G. vaginalis, Mobiluncus species,
and Mycoplasma hominis. Recent data however, suggest a
primary role for G. vaginalis as a specific and sexually trans-
mitted etiological agent in BV, as was initially postulated by
Gardner and Dukes in 1955. (47-49).

Alterations of both local host immunity and the genital
tract microflora appear to contribute to the pathogenesis of
BV (39), which can be difficult to eradicate even using tar-
geted antimicrobial therapy (4). In addition, randomized tri-
als of antibiotics for the prevention of BV-associated preterm
birth have not shown consistently beneficial effects, suggest-
ing that host inflammatory responses set in motion early in the
course of the disease may contribute significantly to the con-
sequences of infection (26, 27).

In the 1950s, Leopold (25) and then Gardner and Dukes
(14) observed abundant small, pleomorphic gram-variable
rods in the genital tract of women with BV. This organism,
first called Haemophilus vaginalis (13) and repeatedly
renamed as more information about its characteristics
became available (reviewed in (5)), is now classified as G.
vaginalis, the sole member of the genus Gardnerella (16, 30).
Phylogenetic analysis based on 16S rRNA places Gardner-
ella in the gram-positive family Bifidobacteriales. An abun-
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dance of G. vaginalis and a paucity of Lactobacillus species
are characteristic of a BV-associated microflora. G. vaginalis
is present in essentially all cases of BV but can also be
detected in a minority of asymptomatic women (1). Likewise,
several groups have demonstrated that the vaginal microflora
is exceedingly complex in BV where the vaginal mucosa is
host to many non-Gardnerella organisms (12, 18, 20); how-
ever, recent studies have provided additional evidence for G.
vaginalis as the primary etiologic agent of BV. (61-63; 78).

BV is exceedingly common, especially in Africa where
more than 50% of women in numerous trials, (including the
recent trial of acyclovir for HSV suppression in Tanzania)
were infected with BV. BV has been repeatedly associated
with both increased risk of HIV acquisition and increased
viral shedding among those already infected with HIV. In
vitro treatment of HIV-infected cells with Gardnerella leads
to increased production of HIV viral transcripts.

BYV, a chronic infectious/inflammatory disease associated
with preterm birth, is strongly linked with the mucosal over-
growth of G. vaginalis and its attachment to epithelial cells.
(78). BV has also been referred to in the literature as bacterial
vaginosis, non-specific vaginitis, non-specific vaginosis, and
bacterial vaginitis; and G. vaginalis has been called Haemo-
philus vaginalis and Corynebacterium vaginale. BV is
caused by a profound shift in the bacteria colonizing the
vagina, with overgrowth of a variety of species, most promi-
nently G. vaginalis. During BV, the epithelial surface is cov-
ered with a dense collection of G. vaginalis in a biofilm that is
frequently recalcitrant to treatment. Even in women for BV
with oral or intravaginal antibiotics, the rate of recurrence
approaches 50% at 6 months.

Therefore, there is a great need for a new methods and
compositions to treat and prevent G. vaginalis infections and
BYV, with benefits of reducing preterm delivery and minimiz-
ing the risk of transmitting HIV from person to person, par-
ticularly from an HIV-positive mother who has BV or a G.
vaginalis infection to a fetus or an infant during delivery.

SUMMARY OF THE INVENTION

It has been discovered that treatment of G. vaginalis bio-
films with DNase reduces biofilm formation and increases
biofilm breakdown, both in a dose dependent manner. The
combination of DNase and an antibiotic that is effective in
treating BV have an additive and synergistic effect to reduce
biofilm formation. In addition, the combination has a syner-
gistic effect in increasing biofilm breakdown in three differ-
ent strains of G. vaginalis. Therefore, DNase can be admin-
istered alone or together with antibiotics to treat G. vaginalis
and BV. Antibiotics commonly used to treat BV and G. vagi-
nalis infections include metronidazole, clindamycin and
tinidazole.

In a first set of embodiments, the invention is directed to a
method of treatment of BV or G. vaginalis infections by
administering to an infected subject a therapeutically effec-
tive amount of DNase alone or in combination with one or
more antibiotics that are effective in treating BV. When
administered in combination, the two drugs can be adminis-
tered in a single formulation or in separate formulations,
either simultaneously or at different times, by the same route
or by different routes. Because of the potential for nonspecific
DNA lysis of unintended targets, DNase is only administered
locally, for example as a vaginal suppository, not systemi-
cally. The antibiotic can be administered locally or systemi-
cally or both. In an embodiment, a single dose of DNase is
from about 1 pgto about 25 mg and is administered locally to
the vagina typically at least once a day. DNase can be formu-
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lated like Pulmozyme® in a sterile, clear, colorless, aqueous
solution containing the required dose. In an embodiment,
DNase is formulated at 1.0 mg/ml in aqueous solution with
0.15 mg/ml calcium chloride dehydrate and 8.77 mg/ml
sodium chloride with no preservative at a nominal pH of
about 6.3. The DNase dose administered can be determined
by adjusting the volume of the formulation that is adminis-
tered.

In a second set of embodiments, a prophylactically effec-
tive amount of DNase is administered locally to the vagina to
prevent BV or G. vaginalis, in high risk subjects, such as
those having recurring infections, either alone or together
with an antibiotic.

A third set of embodiments is directed to methods for
treating or preventing other vaginal bacterial infections that
are associated with biofilm formation as are encountered, for
example, with Afopobium and Mobiluncus by administering
DNase either alone or administered together with an antibi-
otic that is effective in treating the bacterial infection. Vaginal
infections caused by Staphylococcus aureus and group B
Streptococcus (GBS) can also be treated with DNase either
alone or administered together with an antibiotic knownto be
effective against the particular bacteria. GBS is a part of
normal flora of the gut and genital tract and is found in
20-40% women. Infection of this organism may result in
neonatal death due to severe neonatal infection. It may also
result in maternal death although this is only occasionally by
causing upper genital tract infection which progresses to sep-
ticemia. GBS are sensitive to penicillin and ampicillin also
cefazolin, clindamycin, erythromycin, or vancomycin. The
United States uses the most effective strategy: all pregnant
women are screened for GBS and prophylactic antibiotics are
given to all women testing positive and to those who deliver
before 37 weeks of pregnancy plus to women with unknown
GBS test results and other recognized risk factors. (79). The
treatment of choice for S. aureus infection is penicillin; other
antibiotics include, penicillinase-resistant §-lactam antibiotic
(e.g., oxacillin or flucloxacillin) or gentamicin.

A fourth set of embodiments is directed to pharmaceutical
compositions and kits comprising DNase and one or more
antibiotics that are effective in treating BV and G. vaginalis
infections formulated for local administration to the vagina,
preferably topical for administration as, for example, a vagi-
nal suppository, cream, capsule, and gel. In certain embodi-
ments the compositions are formulated for slow release to
minimize the need for repeated delivery and to maintain a
steady concentration of drugs.

A fifth set of embodiments of the invention are directed to
methods for reducing transmission of HIV from an HIV/BV
or G. vaginalis-infected woman to her sexual partner, or to an
infant during childbirth by administering a therapeutically
effective amount of DNase alone or in combination with one
or more antibiotics.

In a sixth set of embodiments, the DNase and/or antibiotics
are administered locally to the vagina. For example, admin-
istration can be (1) in pregnant women with BV or G. vagi-
nalis infections to reduce the risk of preterm birth, (2) to
prevent a sexually transmitted disease (STD), (3) to prevent
postpartum endometritis in subjects with BV or G. vaginalis
infections, or (4) to prevent postsurgical infection in subjects
with BV or G. vaginalis infections, including but not limited
to gynecological surgery.

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not by way of limitation, in the Figures.

FIG. 1. Dose-response inhibition of Gardnerella strain
49145 biofilm formation by DNase administered at time=0
hours measured as absorbance at 462 nm.

FIG. 2. DNase inhibits strain ARG3 biofilm formation at 1
pg/ml; 10 pg/ml and 100 pg/ml concentrations.

FIG. 3. Dose-response breakdown of established Gardner-
ella strain 49145 biofilms by DNase at 0.001 pg/ml; 0.01
png/ml; 0.1 pg/ml; 1 pg/ml; 10 pg/ml; and 100 pg/ml concen-
trations administered at t=24 hours measured as absorbance
at 462 nm.

FIG. 4. DNase breaks down 24-hour formed strain ARG3
biofilms at 1 pg/ml; 10 pg/ml; and 100 pg/ml concentrations.

FIG. 5 is a graph illustrating the elimination effect of heat-
inactivation of DNase.

FIG. 6 is a graph showing the additive inhibition of strain
49145 biofilm formation by a combination treatment with
metronidazole at 2 pg/ml; 8 ug/ml; and 16 ng/ml concentra-
tions and DNase at t=0 hrs at 1 pg/ml; and 100 ng/ml concen-
trations.

FIG. 7 is a graph showing the synergistic inhibition of
strain ARG3 biofilm formation by a combination treatment
with metronidazole at 1 pg/ml; 2 pg/ml; and 8 ng/ml concen-
trations and DNase at t=0 hrs at 1 pg/ml; 10 pg/ml; and 100
pg/ml concentrations.

FIG. 8 (A)-(D): is a series of graphs showing the synergis-
tic inhibition of biofilm formation by a combination treatment
with clindamycin and DNase at t=0 hours in strain 49145 (A)
and strain ARG3 (B) and treatment with metronidazole and
DNase at t=0 hours in strain 49145 (C) and strain ARG3 (D).

FIG. 9 is a graph showing the synergistic breakdown of
strain 49145 biofilm by a combination treatment with met-
ronidazole at 1 pg/ml; 4 pg/ml; and 16 pg/ml concentrations
and DNase at t=24 hrs at 0.1 pg/ml; and 1 pg/ml concentra-
tions.

FIG. 10 is a graph illustrating the synergistic breakdown of
strain ARG3 biofilm by a combination treatment with met-
ronidazole at 1 pg/ml; 4 pg/ml; 8 ug/ml; and 16 pg/ml con-
centrations and DNase at t=24 hrs at 0.1 pg/ml; and 1 pg/ml
concentrations.

FIG. 11 (A)~(C) is a series of graphs illustrating the syner-
gistic breakdown of established strain 49145 biofilm (A)-(B)
by a combination treatment with (A) clindamycin and DNase
and (B) metronidazole and DNase and (C) the synergistic
breakdown of established strain ARG3 biofilm by a combi-
nation treatment with metronidazole and DNase.

FIG. 12 is a graph illustrating the synergistic/additive inhi-
bition of strain ARG3 biofilm formation by a combination
treatment with clindamycin at 5.7 ug/ml; 11.4 ug/ml; and 22.7
ng/ml and DNase at 1 pg/ml; 10 pg/ml; and 100 pg/ml con-
centrations.

FIG. 13 (A)-(B) is a series of graphs illustrating the libera-
tion of bacteria into the supernatant from an established
ATCC Gardnerella strain 49145 biofilm with the treatment of
DNase and metronidazole.

FIG. 14 is a graph illustrating the liberation of bacteria into
the supernatant from forming ATCC Gardnerella strain
49145 biofilms with the treatment of DNase and metronida-
zole.

FIG. 15 is a graph illustrating supernatant bacterial more
readily killed by metronidazole. Biofilms are ATCC Gard-
nerella strain 49145.

FIG. 16 is a graph illustrating the decrease in mouse colo-
nization rate in strain ARG37 with the treatment of DNase.
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FIG. 17 is a graph illustrating DNase-sensitive group B
Streptococcus biofilms demonstrated by spectrophotometry.

DESCRIPTION

In the following description, for the purposes of explana-
tion, numerous specific details are set forth in orderto provide
a thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art that the present
invention may be practiced without these specific details.

1. DEFINITIONS

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art.

The terms “individual,” “subject” and “patient” are used
interchangeably herein and refer to any mammalian subject
for whom diagnosis, treatment, or therapy is desired, particu-
larly humans. In the preferred embodiment, the subject is a
human being.

A “therapeutically effective amount” of a compound is an
amount that provides a therapeutic benefit in the treatment or
management of a disease or condition such as BV or G.
vaginalis infection, delays or minimizes one or more symp-
toms associated with the disease or condition, or enhances the
therapeutic efficacy of another therapeutic agent. An agent is
the to be administered in a “therapeutically effective amount™
if the amount administered results in a desired change in the
physiology of a recipient mammal, (e.g. decreases one or
more symptoms of the BV or G. vagiralis, or decreases the
amount of G. vaginalis in a biological sample taken from the
patient to a level that is at least about 10% less than the level
before drug treatment.

“Delaying” the onset of a disorder shall mean slowing the
progression of the disorder, or extending the time before the
onset begins.

“Prophylactically effective amount” means an amount suf-
ficient to inhibit the onset of a disorder or a complication
associated with a disorder in a subject.

As used herein, the term “biofilm” refers to bacteria that
attach to surfaces aggregate in a hydrated polymeric matrix of
their own synthesis. A biofilm is an aggregate of microorgan-
isms in which cells adhere to each other on a surface. These
adherent cells are frequently embedded within a self-pro-
duced matrix of extracellular polymeric substance (EPS).
Biofilm EPS, which is also referred to as slime (although not
everything described as slime is a biofilm), is a polymeric
conglomeration generally composed of extracellular DNA,
proteins, and polysaccharides.

A deoxyribonuclease (“DNase”) is any enzyme that cata-
lyzes the hydrolytic cleavage of phosphodiester linkages in
the DNA backbone. A wide variety of deoxyribonucleases are
known, which differ in their substrate specificities, chemical
mechanisms, and biological functions. Deoxyribonuclease I
(usually called DNase 1), is an endonuclease coded by the
human gene DNASEIL. DNase [ is a nuclease that cleaves
DNA preferentially at phosphodiester linkages adjacent to a
pyrimidine nucleotide, yielding 5'-phosphate-terminated
polynucleotides with a free hydroxyl group on position 3', on
average producing tetranucleotides. It acts on single-stranded
DNA, double-stranded DNA, and chromatin.

“Administering” shall mean delivering in a manner which
is effected or performed using any of the various methods and
delivery systems known to those skilled in the art. Adminis-
tering can be performed, for example, topically (for DNase
delivery to the vagina), or for the antibiotics: intravenously,
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orally, via implant, transmucosally, transdermally, intrader-
mally, intramuscularly, subcutaneously, or intraperitoneally.
Administering can also be performed, for example, once, a
plurality of times, and/or over one or more extended periods.

“Concurrent” administration of two agents shall mean
administration wherein the time period over which the first
agent is administered either overlaps with, or is coincident
with, the time period over which the second agent is admin-
istered. For example, a first and a second agent are concur-
rently administered if the first agent is administered once per
week for four weeks, and the second agent is administered
twice per week for the first three of those four weeks. Like-
wise, for example, a first and second agent are concurrently
administered if the first and second agent are each adminis-
tered, in the same or separate formulations, on the same day,
once per week for four weeks.

“Agent” means DNase and any antibiotic that treats or
prevents BV, G. vaginalis, Atopobium, Mobiluncus, and other
vaginal bacteria that may overgrow to deleterious levels, and
other pathogens such as Staphylococcus aureus and group B
streptococcus infections.

“Treating” a subject afflicted with a disorder shall mean
causing the subject to experience a reduction, delayed pro-
gression, regression or remission of the disorder and/or its
symptoms. In one embodiment, recurrence of the disorder
and/or its symptoms is prevented. In the preferred embodi-
ment, the subject is cured of the disorder and/or its symptoms.

Overview

Many bacterial species may grow as complex, multicellu-
lar communities known as biofilms. (73). BV, G. vaginalis,
Atopobium, Mobiluncus, Staphylococcus aureus and group B
Streptococcus are associated with biofilm formation and
long-term colonization of the vaginal mucosal surface. Bio-
films are generally composed of bacteria encased within an
extracellular matrix that provides structure and environmen-
tal resistance to the community. It has become increasingly
clear that bacterial biofilms represent a major challenge in
clinical medicine. Such infections may be exceedingly diffi-
cult to eradicate, as the biofilm matrix provides a significant
barrier to both immune effectors and antibiotic agents.

It is thought that the relative insensitivity of biofilm organ-
isms to antibiotic therapy may be a contributing factor to
recurrence of BV and other bacterial infections that are asso-
ciated with biofilm formation. Numerous studies in multiple
species, including N. meningitidis, S. aureus, and E. faecalis,
have demonstrated a role for extracellular DNA (eDNA) in
biofilm structure. DNA represents an important component of
the biofilm matrix. It was shown by Swidsinski et al. that G.
vaginalis forms a biofilm in vivo that persists after standard
therapies and even after resolution of symptoms.

G. vaginalis Pathophysiology

Certain lactobacilli produce H,O, and lactic acid, which
normally suppress growth of anaerobes. However, in bacte-
rial vaginosis, G. vagiralis and other anaerobes proliferate
and the number of lactobacilli decreases. Patterson, et al.
developed an in vitro model for G. vaginalis biofilm forma-
tion and compared susceptibilities of biofilms vs. planktonic
cultures to H,O, and lactic acid. A study of the structure and
composition of the biofilm matrix revealed that biofilms tol-
erated 4-8 fold higher concentrations of H,O, and lactic acid
(respectively) than did planktonic cultures, and determined
that the increased tolerance contributed to the resistance of
the biofilm to antibiotic treatment and the survival of G.
vaginalis in the presence of lactobacilli. They also showed
that treatment of biofilms with the protease significantly
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reduced the sensitivities for H,O, and lactic acid. Patterson, et
al., Effect of biofilm phenotype on resistance of G. vaginalis
to hydrogen peroxide and lactic acid, Am. J. Obstet. Gynecol
2007; 197:170.e1-170.e7. Patterson also tested the effect of
DNase treatment on biofilms made by G. vaginalis, but saw
no reduction in biofilm formation or breakdown.

1I. DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

The effect of DNase, specifically bovine pancreatic DNase,
on biofilm formation and degradation was studied. It is impor-
tant to note that any DNase may be used in the present inven-
tions, including bovine, human DNase, and Gardnerella
DNase. Biofilms made by two different strains of G. vaginalis
were either (1) stained with safranin, solubilized and ana-
lyzed for safranin absorbance at A462 nm measured with a
spectrophotometer, or (2) biofilms were also grown in cham-
ber slides and DAPI staining was performed for fluorescence
microscopy.

The experiments summarized herein are discussed in more
detail in the Examples. Example 1 shows that DNase treat-
ment reduced G. vaginalis biofilm formation in two strains of
G. vaginalis: strain 49145 and strain ARG3. FIGS. 1 and 2.
There is also a dose-response inhibition of group B Strepto-
coccus biofilm formation by DNase. FIG. 17. It was also
discovered that DNase increased biofilm breakdown in a
dose-dependent manner. FIGS. 3 and 4. Heat inactivation of
DNase eliminates this effect. FIG. 5.

Importantly, there was also at least an additive—and more
often—a synergistic effect on biofilm formation when DNase
and either metronidazole and clindamycin are administered
together. FIGS. 6-12.

An additive inhibition of strain 49145 biofilm formation
was seen by a combination treatment with metronidazole and
DNase. FIG. 6. Synergistic inhibition of strain ARG3 biofilm
formation was also observed. FIG. 7.

Synergistic inhibition of biofilm formation in both strains
was seen with DNase and clindamycin. FIGS. 8 and 12. There
was also a synergistic increase in the breakdown of strain
49145 and strain ARG3 biofilms by metronidazole and
DNase FIGS. 9 and 10, respectively, and clindamycin FIG.
11.

One reason for the synergism may be due to the observa-
tion described in Example 3 showing that DNase liberates
bacteria into the supernatant from established biofilms. FIGS.
13 and 14. This result shows that treatment with DNase did
not reduce the number of bacteria in the biofilm cultures
overall. In other words, DNase did not kill the bacteria. With-
out being bound by theory, the release of the bacteria by
DNase may account for the synergism seen when DNase and
antibiotics are administered together because the released
bacteria are more accessible to the antibiotic which in turn
kills them. FIG. 15. Because DNase should prevent signifi-
cant biofilm formation and/or should promote the release of
bacteria from any biofilm that forms, the bacteria more vul-
nerable to the body’s own immune system, even without
antibiotic therapy.

Biofilm breakdown or dissolution has the advantage of
increasing the rate of expulsion of bacteria from the vagina by
the natural flow of mucous, and it may also increase the
susceptibility of the bacteria to the natural immune defenses
and antibiotics.

It was further discovered that DNase decreased the rate of
colonization by strain ARG37 in mice. FIG. 16.

Based on these discoveries, certain embodiments of the
invention are directed to treatment of BV or G. vaginalis
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infections by administering a therapeutically -effective
amount of DNase alone or in combination with therapeuti-
cally effective amounts of one or more antibiotics known to
treat BV and G. vaginralis infections.

Antibiotic Treatment

G. vaginalis is most properly grouped with the gram-posi-
tives, despite its variable staining characteristics (36). Anti-
biotics that have been used to treat BV and G. vaginalis
infections include metronidazole, clindamycin and tinida-
zole. Metronidazole is the most successful therapy for BV
and G. vaginalis infections. Most comparative studies using
multiple divided-dose oral regimens for one week achieved
early rates of clinical cure in excess of 90 percent, and cure
rates (by Amsel criteria) of approximately 80 percent at four
weeks. A randomized trial showed that short-term cure rates
were significantly higher when the initial course of metron-
idazole therapy was 14 days rather than 7 days. (75). How-
ever, long-term cure rates (21 days after completion of
therapy) were similar for both treatment regimens. In one
embodiment, the oral regimen of tinidazole is 500 mg twice
daily for seven days. (76). Topical vaginal therapy with 0.75
percent metronidazole gel (5 g once daily for five days) is as
effective as oral metronidazole. The choice of oral versus
topical therapy depends upon patient or provider preference.

Clindamycin can be used as a topical vaginal therapy with
2 percent clindamycin cream (5 gof cream containing 100 mg
of clindamycin phosphate) as a seven-day regimen. Alterna-
tive regimens include oral clindamycin (300 mg twice daily
for seven days) or clindamycin ovules (100 mg intravaginally
once daily for three days) (76). Vaginal clindamycin and oral
metronidazole for bacterial vaginosis: a randomized trial.
Obstet Gynecol 2000; 96:256). A one-day or single applica-
tion of clindamycin as a bioadhesive has also been approved
by the FDA (Clindesse). These regimens have not been stud-
ied extensively and may have lower efficacy for eradicating
BV.

Tinidazole is a second generation nitroimidazole. It has a
longer half-life than metronidazole (12 to 14 hours versus 6 to
7 hours) and fewer side effects (77). In one embodiment, 1
gram of tindazole is administered orally once daily for five
days, as efficacy is slightly higher and side effects are slightly
less frequent than with shorter course therapy (tinidazole 2
grams orally daily for two days).

Methods of Treatment

Certain embodiments of the invention are directed to treat-
ment of BV or G. vaginalis infections by administering to an
infected subject a therapeutically effective amount of DNase
alone or in combination with one or more antibiotics known
to treat BV, G. vaginalis or other infection being targeted.
When administered in combination, the two drugs can be
administered topically to the vagina in a single formulation or
in separate formulations (where the antibiotic is administered
systemically), either simultaneously or at different times, by
the same route or by different routes. Because of the potential
for nonspecific DNA lysis of unintended targets, DNase is
only administered locally, for example as a vaginal supposi-
tory, not systemically. The antibiotic can be administered
locally or systemically.

Routine experimentation will determine the optimum
amount, and frequency of administration of DNase. Antibi-
otic treatment of BV and G. vaginalis is well known and the
amounts described above are suggested doses. However, it is
possible that the amount of antibiotic may be reduced when it
is administered together with DNase.

In some embodiments a therapeutically effective amount
of DNase is administered locally to the vagina, typically once
or twice daily. DNase has been used therapeutically to treat
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other diseases such as cystic fibrosis. Pulmozyme®, a syn-
thetic version of the naturally occurring human deoxyribonu-
clease I, is often prescribed to help improve lung function in
people with cystic fibrosis at a recommended dose of 2.5 mg
by inhalation. Recommended therapeutic doses of DNase for
use in embodiments of the present invention for local admin-
istration to the vagina are from about 1 pg to about 25 mg.

In certain embodiments the dose is from about 1 mg to
about 5 mg to treat BV and G. vaginalis infections, as well as
the other vaginal infections caused by bacteria that form
biofilms (Atopobium, Mobiluncus, Staphylococcus aureus,
group B Streptococcus). Atopobium vaginae responds using
the Etest to low concentrations of clindamycin (range: <0.016
ng/ml), rifampicin (<0.002 pg/ml), azithromycin (<0.016-
0.32 pg/ml), penicillin (0.008-0.25 pg/ml), ampicillin
(<0.016-0.94 pg/ml), ciprofloxacin (0.023-0.25 pug/ml) and
linezolid (0.016-0.125 ng/ml). A variable susceptibility for
metronidazole was found, ranging from 2 to more than 256
pg/ml. (80).

The presence of Mobiluncus spp. (M. curtisii and M. Muli-
eris) in the vagina is highly specific although not sensitive for
the diagnosis of BV. Of the two, M. Curtisii appears to pre-
dominate. Results of in vivo treatment of humans showed that
clindamycin reduces vaginal Mobiluncus morphotypes to a
greater extent than metronidazole in patients with BV (clin-
damycin vaginal single-dose cream (CVSDC) or metronida-
zole vaginal gel (MVG) were tested.) (81).

Many factors affect the therapeutically effective dose of the
DNase including the severity of the infection, other medi-
cines the subject is taking, the type of pharmaceutical formu-
lation, and other medical conditions. If administered for pro-
phylactic use, the amount of DNase may be considerably
lower, for example in the microgram range.

Certain other embodiments are directed to methods of pre-
venting BV and G. vaginalis by administering a prophylacti-
cally effective amount of DNase topically to the vagina, alone
or together with antibiotics to subjects at high risk, including
but not limited to those who suffer from recurrent BV, preg-
nant women, those who suffer from recurrent sexually trans-
mitted diseases [STDs], and those who are at risk of preterm
delivery.

Certain embodiments of the invention are directed to meth-
ods to reduce transmission of HIV from an HIV/BV or G.
vaginalis-infected woman to her sexual partner or to a fetus
she may be carrying, or to an infant during childbirth by
administering a therapeutically effective amount of DNase
alone or in combination with one or more antibiotics. Another
embodiment is directed to a method for preventing preterm
birth in subjects with BV or G. vaginalis infections by admin-
istering a therapeutically effective amount of DNase and/or
antibiotics to a pregnant woman, for example a woman with
BV or G. vaginalis infections at risk of having a preterm birth.
Other embodiments are directed to preventing transmission
of'an STD from a woman, for example a woman with BV or
G. vaginalis infection, by administering a therapeutically
effective amount of DNase and/or antibiotics.

Other embodiments are directed to methods for preventing
or treating postpartum endometritis in subjects with BV or G.
vaginalis infections by administering a therapeutically effec-
tive amount of DNase and/or antibiotics.

Pharmaceutical Compositions

The present invention also includes pharmaceutical com-
positions and formulations of the DNase and one or more
antibiotics that treat BV and G. vaginalis infections and other
conditions described herein. In an embodiment, the pharma-
ceutical compositions of the present invention comprise
DNase, or DNase and one or more antibiotics in an amount
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sufficient to prevent or treat the diseases described herein in a
subject, formulated for local vaginal administration (such as
a suppository) for prophylaxis or therapy for any of the
described diseases or conditions. These pharmaceutical com-
positions may be in the form of a kit. The subject is preferably
ahuman but can be non-human as well. A suitable subject can
be an individual who is suspected of having, has been diag-
nosed as having, or is at risk of developing one of the
described diseases.

The therapeutic agent can be formulated into any topical
composition known in the art that is suitable for its intended
use as described herein, including creams, lotions, ointments,
gels, lubricants (described in Porat, U.S. Pat. No. 624,198),
liquids, sprays, powders, or absorbent materials.

A composition of the therapeutic agents for topical admin-
istration can also include a pharmaceutically acceptable car-
rier. As used herein the language “pharmaceutically accept-
able carrier” includes solvents, dispersion media, coatings,
antiviral agents, antibacterial agents, antifungal agents, iso-
tonic and absorption delaying agents, and the like, compatible
with pharmaceutical administration. Supplementary active
compounds can also be incorporated into the compositions.
Other topical formulations are described in Sheele et al., U.S.
Pat. No. 7,151,091.

Therapeutic compositions may contain, for example, such
normally employed additives as binders, fillers, carriers, pre-
servatives, stabilizing agents, emulsifiers, buffers and excipi-
ents as, for example, pharmaceutical grades of mannitol, lac-
tose, starch, magnesium stearate, sodium saccharin,
cellulose, magnesium carbonate, and the like. These compo-
sitions typically contain 1%-95% of active ingredient, pref-
erably 2%-70% active ingredient.

The therapeutic agents can also be mixed with diluents or
excipients which are compatible and physiologically toler-
able. Suitable diluents and excipients are, for example, water,
saline, dextrose, glycerol, or the like, and combinations
thereof. In addition, if desired, the compositions may contain
minor amounts of auxiliary substances such as wetting or
emulsifying agents, stabilizing or pH buffering agents.

In some embodiments, the therapeutic compositions of the
present invention are prepared either as liquid solutions or
suspensions, as sprays, or in solid forms including but not
limited to gels and capsules. The formulations may include
such normally employed additives such as binders, fillers,
carriers, preservatives, stabilizing agents, emulsifiers, buffers
and excipients as, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium sac-
charin, cellulose, magnesium carbonate, and the like. These
compositions take the form of solutions, suspensions (such as
a douche), suppositories, or sustained release formulations,
and typically contain 1%-95% of active ingredient, prefer-
ably 2%-70%.

Formulations which are suitable for topical administration
to the vagina include salves, tinctures, creams, lotions, pes-
sary, transdermal patches, ointments, gels, lubricants, liquid,
sprays, powders, absorbent materials, and suppositories. For
salves and creams, traditional binders, carriers and excipients
may include, for example, polyalkylene glycols or triglycer-
ides. One example of a topical delivery method is described in
U.S. Pat. No. 5,834,016. Other liposomal delivery methods
may also be employed (See, e.g., U.S. Pat. Nos. 5,851,548
and 5,711,964. The composition can include an inert carrier.
The composition can be impregnated in a towlette, sponge or
capsule.

The formulations may also contain more than one active
compound as necessary for the particular indication being
treated, preferably those with complementary activities that
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do not adversely affect each other. Such molecules are suit-
ably present in combination in amounts that are effective for
the purpose intended.

Sustained-release preparations may also be prepared. Suit-
able examples of sustained release preparations include semi-
permeable matrices of solid hydrophobic polymers contain-
ing the therapeutic agents, which matrices are in the form of
shaped articles, e.g., films, or microcapsule. Examples of
sustained release matrices include, but are not limited to,
polyesters, hydro gels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides, copoly-
mers of L-glutamic acid and y ethyl-L-glutamate, non-de-
gradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT
(injectable micro spheres composed of lactic acid-glycolic
acid copolymer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid. While polymers such as ethylene-vinyl
acetate and lactic acid-glycolic acid enable release of mol-
ecules for over 100 days, certain hydrogels release proteins
for shorter time periods.

The therapeutic agents of the present invention may be
administered by any suitable means. DNase is applied locally
to the vagina to prevent nonspecific degradation of unin-
tended targets, but antibiotics can be administered systemi-
cally as well as locally. For the prevention or treatment of
disease, the appropriate dosage will depend on the severity of
the disease, whether the drug is administered for protective or
therapeutic purposes, previous therapy, the patient’s clinical
history and response to the drugs and the discretion of the
attending physician.

The duration of treatment can extend over several days or
longer, depending on the condition, with the treatment con-
tinuing until the symptoms of G. vaginalis or BV are suffi-
ciently reduced or eliminated. The progress of this therapy is
easily monitored by conventional techniques and assays, and
may be used to adjust dosage to achieve a therapeutic effect.

1II. EXAMPLES

Methods and Materials

Biofilms of multiple Gardnerella strains [G. Vaginalis is
the only species in the genus Gardnerella.] were grown, sepa-
rately, in vitro in 96-well plates in BHI-supplemented media.
Bovine pancreas DNase was added in varying concentrations
to biofilm cultures at 0 hours (newly forming biofilms) and 24
hours (established biofilms.) The biofilms were washed, the
supernatant was removed, and the biofilms were stained with
safranin and solubilized in acetic acid. Biofilm absorbance at
A462 nm was measured with a spectrophotometer, which
method quantifies the amount of safranin stain taken up by the
biofilm. DNase-treated and untreated biofilms were also
grown in chamber slides and DAPI staining was performed
for fluorescence microscopy.

Microscopy

Overnight cultures were prepared as above and rather than
inoculated into 96-well plates, were diluted 10-fold and 3 ml
volumes inoculated into sterile glass-bottom dishes with
either 100 pug/mL of DNase or vehicle control. Dishes were
incubated 24 hours and excess media was then removed and
the biofilms were washed as above. Biofilms were then
stained with propridium iodide and examined with an
inverted fluorescent scope (Zeiss) by 2-D imaging as well as
3-D Z-stacking+deconvolution.

Antibiotic Susceptibility Methods

Minimum Inhibitory Concentrations (MICs) for metron-
idazole and clindamycin for strains 49145 and ARG3 were
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determined using E-test on Mueller-Hinton agar with 5%
sheep’s blood by CLSI methodology. Ranges used were
based on the MICs of the strains used, with a range from
0.25x-4x the MIC used. Metronidazole MICs=4 for both
strain 49145 and strain ARG3. Clindamycin MICs=0.016 and
32 for 49145. Clindamycin MICs=0.125 for strain ARG3.
MICs are repeated twice.

Biofilms were grown in the presence of varying concentra-
tions of antibiotic and DNase administered at t=0 hours to test
the effect of the agents on biofilm formation. To test the
effects on the degradation of established biofilms, the agents
were administered at t=24 hours.

All cultures and biofilms were grown in ‘biofilm media’
(BHI media+0.3% starch, 0.3% glucose, 0.5 mcg/ml ampho-
tericin B) at 37° C. and 5% CO,. Liquid cultures of strains
49145 or ARG3 were grown overnight to a standardized
OD600 of 0.6 and diluted 1:10 prior to aliquoting for biofilms.
Cultures were aliquoted into 96-well plates as follows:

Testing Inhibition of Newly Forming Biofilms

For DNase Experiments Alone:

180 uL. of bacteria and 20 pulL of DNase at varying concen-
trations (1:10 dilutions of 1 mg/mL to final concentrations in
the wells as labeled in the figures) or PBS as a control (total
volume always 200 ul) were added together at t=0 hours and
incubated for 24 hours. They were then washed, stained with
safranin and solubilized with ascetic acid, with measurement
of'absorbance at 462 nm to quantify density of stained mate-
rial.

For DNase-Antibiotic Experiments:

160 pL of culture, 204 of antibiotic at varying concentra-
tions (1:10 and 2-fold dilutions to final concentrations in
wells as labeled in the figures), and 20 ulL of DNase at varying
concentrations (1:10 dilutions as above) with 20-40 ul. of
PBS used when necessary for controls (wells without antibi-
otic, DNase, or both) were added to wells at t=0 hours and
incubated for 24 hours as above. Biofilms were quantified as
above.

Testing Inhibition of Established Biofilms

For Testing of Dissolution of Established Biofilms:

Experiments were performed similarly to above with the
following additional step: All biofilms were grown as full 200
pL liquid cultures in 96-well plates for 24 hours. These result-
ing biofilms were washed with PBS and then fresh media was
added with either DNase alone or DNase in combination with
antibiotic as outlined above, again, to a total volume of 200
plL. These cultures/biofilms were again incubated for 24
hours and then stained and solubilized.

For quantification as above, antibiotic concentrations were
chosen based on the MIC (Y4-4x MIC).

Statistical Analysis

Statistical comparisons were performed using two-tailed
unpaired t-tests or one-way analysis of variance (ANOVA)
with Tukey post-test as appropriate (Prism, GraphPad Soft-
ware).

Example 1

Addition of DNase

The results depicted in FIG. 1 show the dose-response
inhibition of Gardnerella biofilm formation by bovine pan-
creatic DNase that was administered (time=0 hours) as
assessed by measuring the absorbance of light at 462 nm
(A462). A dramatic reduction in the extent of biofilm forma-
tion can be seen with DNase applied at 10 pg/ml and 100

pg/ml.
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The results depicted in FIG. 2 show the dose-response
inhibition of Gardnerella strain ARG3 biofilm formation by
bovine pancreatic DNase that was administered (time=0
hours) as assessed by measuring the % biofilm density (y
axis). Again, a dramatic reduction in the extent of biofilms
formation can be seen with DNase applied at 10 pg/ml and
100 pg/ml. Accompanying the reduction in biofilm formation
is a parallel dose-dependent breakdown of established Gard-
nerella strain 49145 and ARG3 biofilms by DNase adminis-
tered at t=24 hours. FIGS. 3 and 4 respectively.

The results depicted in FIG. 17 show the dose-response
inhibition of group B Streprococcus biofilm formation by
DNase that was administered at t=0 hours as assessed by
measuring the absorbance of light at 462 nm (A462). A dra-
matic reduction in the extent of biofilm formation can be seen
with DNase applied at 100 pg/ml.

It is important to note that any DNase may be used in the
present inventions, including bovine, human DNase, and
Gardnerella DNase. Routine experimentation will determine
the best DNase and therapeutically effective amount to be
used depending on the condition and the subject, as described
below.

Example 2
Combined Administration of DNase and Antibiotics

Further experiments were conducted to assess whether
there is an improved eftect on biofilm formation and break-
down by the combined administration of DNase and antibi-
otics against Gardnerella. The y axis plots the % of biofilm
absorbance A462 for each condition. Biofilms were grown
and measured as above with the addition of varying concen-
trations of metronidazole and clindamycin and DNase as
indicated below. The minimum inhibitory concentration
(MIC) for the antibiotics was measured by E-testing the rel-
evant strains. Colony counts were performed on both the
supernatant and the biofilm components of the culture, and a
one-way ANOVA with Bonferroni post-tests were performed
using Prism (Graphpad) where DNase was administered at
time=24 hours. Fluorescence microscopy demonstrated a
decrease in the biofilm matrix and in overall density in
DNase-treated biofilms.

In addition, heat-inactivated DNase did not inhibit the for-
mation of biofilms, consistent with a requirement for enzy-
matic function for the anti-biofilm effect. FIG. 5.

FIGS. 6 and 8 (C) show the additive and synergistic inhi-
bition respectively of strain 49145 Gardnerella biofilm for-
mation by administering metronidazole alone, DNase alone
and DNase-metronidazole combined at t-O hours. The first
three bars on the left of FIG. 6 show the effect on biofilm
formation of DNase alone by measuring the % biofilm den-
sity (y axis). Administering DNase alone at concentrations of
1 pg/ml and 100 pg/ml. caused a 30% and 75% reduction in
biofilm formation respectively. FIG. 6. In all cases adding
DNase together with antibiotic caused an additive improve-
ment in the reduction of Gardnerella biofilm formation
observed compared to any concentration of antibiotic admin-
istered alone. The optimum result for reducing biofilm for-
mation with a DNase/antibiotic combination was achieved
with 8 ug/ml. metronidazole plus 1 ug/ml. DNase where the
reduction was about 70%. FIG. 6. The first two bars on the left
of FIG. 8 (C) show the effect on biofilm formation of DNase
alone as assessed by measuring the absorbance of light at 462
nm (A462). Administering DNase alone at a concentration of
1 pg/mL caused a 30% reduction in biofilm formation. With
the addition of 2 ng/ml. metronidazole plus 1 pg/ml. DNase,
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the reduction was about 45%. Adding the DNase together
with the metronidazole caused a synergistic improvement in
the reduction of Gardnerella biofilm formation observed
compared to the concentration of antibiotic administered
alone.

The co-administration of metronidazole and DNase was
even more effective in reducing ARG3 biofilm formation
where ithad a synergic effect when administered at t=0 hours.
FIGS. 7 and 8(D) show that as little as 1 ng/ml of DNase
administered together with 1 pg/ml metronidazole reduced
biofilm formation by about 50% compared to administering
antibiotic alone.

The co-administration of clindamycin and DNase was also
effective in reducing ARG3 biofilm formation where it had a
synergistic effect when administrated at t=0 hours. FI1G. 8 (B)
shows that 1 pg/ml of DNase administered together with 8
ng/ml clindamycin reduced biofilm formation by about 60%
compared to administering antibiotic alone. FIG. 12 shows
that 10 pg/ml and 100 pg/ml of DNase administered together
with 5.7 pg/ml clindamycin reduced biofilm formation by
about 50% and 65% respectively compared to administering
antibiotic alone.

The effect of DNase administered together with metron-
idazole on the breakdown of established Gardnerella biofilms
was assessed. A synergistic breakdown of established strains
49145 and ARG3 biofilms were seen when a combination of
4 ng/ml metronidazole and 1 ng/ml. DNase was adminis-
tered at t=24 hours. FIGS. 9, 10, and 11(B)-(C). These find-
ings have been replicated using clindamycin. FIG. 11 (A).

Example 3
Liberation of Bacteria into Supernatant

Other in vitro experiments have been conducted showing
that treatment with DNase does not reduce the number of
bacteria in the biofilm cultures overall. In other words DNase
does not kill the bacteria. However, DNase does cause the
bacteria embedded in the ATCC Gardnerella strain 49145
biofilms to be released into the supernatant. FIGS. 13-15.
Thus, while the reductive effect on biofilm formation of G.
vaginalis strain 49145 is equivalent between treatment with
100 pg/ml. of DNase alone and the combination of 1 ng/mL.
of DNase+16 pg/ml of metronidazole, the overall effect on
bacterial killing is very different: DNase does not kill the
bacteria and bacteria are killed by the antibiotic in the com-
bination treatment. As more DNase is added to a Gardnerella
biofilm, increasing numbers of living bacteria are liberated
from the biofilm into the media above them. It is these
released bacteria that are then able to be killed by the added
antibiotic because they are more accessible and therefore
more vulnerable to recognition and destruction by antibiotics
than are bacteria trapped in a biofilm that would otherwise
persist in the biofilm and continue to increase in number. It is
possible that treatment of BV and G. vaginalis infections with
a combination of DNase and antibiotics will permit lower
doses of antibiotics to be effective.

Example 4
Murine Models of Vaginal Colonization

The above examples demonstrated the biofilm-inhibiting
activity of DNase and its relevance to reproductive tract
pathogens in vitro. The same strategy works in the complex
environment of the lower genital tract in murine models of
vaginal colonization. Models for vaginal colonization of mice
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with G. Vaginalis and group B Streptococcus have been devel-
oped. Co-inocuation with DNase inhibited the establishment
of colonization in ARG37. FIG. 16. These models will impor-
tant in prophylactic use in at-risk populations including, but
not limited to, pregnant women, those individuals infected
with sexually transmitted diseases including HIV, and those
individuals with recurrent BV.

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof. It
will, however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention. The specification
and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.

The invention is illustrated herein by the experiments
described above, which should not be construed as limiting.
The contents of all references, pending patent applications
and published patents, cited throughout this application are
hereby expressly incorporated by reference. Those skilled in
the art will understand that this invention may be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will fully convey
the invention to those skilled in the art. Many modifications
and other embodiments of the invention will come to mind in
one skilled in the art to which this invention pertains having
the benefit of the teachings presented in the foregoing
description. Although specific terms are employed, they are
used as in the art unless otherwise indicated.
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What is claimed is:

1. A method for treating bacterial vaginosis or Gardnerella
vaginalis infections in a subject comprising locally adminis-
tering to a vagina in the subject a therapeutically effective
amount of DNase and either locally or systemically adminis-
tering a therapeutically effective amount of an antibiotic
selected from the group consisting of metronidazole, clinda-
mycin, and tinidazole in an amount that achieves an in vivo
concentration of from 0.25-times to 4-times the minimum
inhibitory concentration of each respective antibiotic.

2. The method of claim 1, wherein the DNase and the
antibiotic are administered at the same time.

3. The method of claim 1, wherein the DNase is adminis-
tered topically to the vagina.

4. The method of claim 1, wherein the DNase and antibiotic
are repeatedly administered until the symptoms of the bacte-
rial vaginosis or G. vagiralis infection are reduced or gone.

5. The method of claim 1, wherein the therapeutically or
prophylactically effective amount of DNase is from about 1
pg/ml to 100 pg/ml.

6. The method of claim 1, wherein the therapeutically or
prophylactically effective amount of DNase is from 1 mg to
about 25 mg.

7. The method of claim 6, wherein the therapeutically or
prophylactically effective amount of DNase is about 2.5 mg.
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